In patients with thyroid nodules, ultrasound (US) imaging represents an indispensable tool for assessment of the risk of malignancy. Over approximately four decades, innovative technology and successive improvements have facilitated its entry into the routine management and greatly improved its predictive value. When US features cannot reliably rule out thyroid cancer, US guidance allows a correct and safe sampling also of small or deeply located thyroid lesions. Obtained in this way, cytological or microhistological specimens may reliably define the nature of most thyroid nodules, and the information from histochemical or molecular markers shows promise in the classification of the remaining indeterminate cases. While a prompt surgical treatment can be offered in the minority of suspicious or definitely malignant cases, most individuals warrant only a follow-up. However, at initial evaluation, or over the years, a fraction of these benign lesions may grow and/or become symptomatic. Such cases may benefit from US-guided minimally invasive procedures as an alternative to surgery. Image-guided percutaneous treatments most often achieve relief of neck complaints, are inexpensive, and can be performed on an outpatient basis. The risk of major complications, after adequate training, is very low. Importantly, thyroid function is preserved. Currently, percutaneous ethanol injection for cystic lesions and thermal ablation, with laser or radiofrequency, for solid nodules are increasingly used and disseminated beyond the initial core facilities. In centres with expertise and high patient volume, their use should be considered as first-line treatment alternatives to surgery for selected patients with benign enlarging or symptomatic thyroid lesions.
Introduction
The incidence of thyroid nodules, and that of nodular goitre, has steadily increased over the last decades (1) . In most cases, these lesions are harmless and asymptomatic and therefore warrant no treatment. However, a reliable diagnosis is mandatory for correct planning of their management and timely treatment of the minority that cause local symptoms or are at risk of harbouring cancer (2) .
History and physical findings are still cornerstones in the clinical management of thyroid disease (3), but ultrasound (US) imaging represents an indispensable tool in the initial categorisation of malignancy risk in thyroid nodules, even if sonography cannot with absolute certainty rule out thyroid cancer in any individual case. Additionally, US imaging provides accurate guidance for biopsy procedures when US features cannot reliably exclude thyroid malignancy. Moreover, it is increasingly, and with wide dissemination, employed for minimally invasive treatments of benign symptomatic lesions (3, 4) . In this study, we aim at, with a short historical and technological background, giving an overview of current evidence concerning the diagnostic and therapeutic use of US for thyroid nodular disease. Our ambition is to provide the endocrinologists, and other caretakers, with an updated approach to this frequent clinical situation.
Thyroid US: technological advances over four decades US evaluation for thyroid imaging was introduced in the late 1960s and early 1970s (5, 6, 7, 8, 9, 10, 11) . The A-mode (amplitude mode) thyroid scan allows distinction between solid and cystic lesions and the measurement, with reasonable accuracy, of the dimensions of the thyroid gland and of medium-sized thyroid nodules (9, 12) . In 1967, Fugimoto et al. (6) first described the B-mode (brightness mode) imaging technique and the US patterns generated by nodular areas within the thyroid gland. Thyroid tissue was defined either as 'cystic', 'sparsely spotted' or 'malignant' on the basis of the quantity and degree of attenuation of the echoes produced by the lesions crossed by the US beam (6) . In 1974, the advent of the 'gray-scale' display offered a real-time creation of easyto-read images, enabling a more accurate differentiation between benign and malignant nodules and a precise measurement of thyroid volumes (13, 14, 15) . Gray-scale is based on the differences in reflectivity of tissues. That is, on the screen the more reflective structures appear brighter than the less reflective ones. No information, however, can be obtained about the movement of small structures (like red blood cells) within the target area. In 1988, the Doppler mode was introduced for the study of the vascularity of the thyroid gland (16) . Movements towards the receiver cause a positive frequency shift, while movements away from the transducer produce a negative frequency change. Thus, in clinical practice, Colour Doppler (CD) has permitted the assessment of blood flow, its direction and velocity, and of the possible changes in flow patterns (17) . Power Doppler, a more recent technique, integrates the total amount of motion detected, irrespective of its direction and velocity, and encodes the flow in colour signals. The high sensitivity for the slow intra-parenchymal flow, scarcely imaged by CD, and the detailing of the course of small vessels within the tissues reveal the presence of both physiologic and pathologic vascularity, and its imaging in inflammatory, malignant or ischaemic areas of the thyroid (18, 19) .
Presently under development and refinement, contrast-enhanced US (20) and sonoelastography (21) provide technological advances of diagnostic value (22) . Although contrast agents provide only ancillary data for the diagnosis of thyroid malignancy, they are useful for the definition of the areas of tissue ablation induced by thermal ablation procedures (23) . Sonoelastography was introduced in 2005 and seems promising for improving the diagnostic accuracy. Sonoelastography, in analogy with manual palpation, reveals the stiffness of a lesion in response to an external force not provided by B-mode US. The deformation of the nodule under evaluation is compared, by software, with that of the adjacent thyroid parenchyma and the relative hardness of the lesion is showed by a quantitative measure (strain index) or a qualitative colour picture superimposed on the B-mode image. The demonstration of an elevated hardness should prompt a fine-needle biopsy (FNA) even in lesions without suspicious US findings (22) .
Reliability of US criteria for malignancy
The presence of a considerable overlap of the US features between benign and malignant nodules still hampers the diagnosis of thyroid carcinoma by US examination. However, as evidenced by several large-scale studies (24, 25, 26, 27, 28, 29, 30, 31, 32, 33) , certain US features appear reliably associated with a higher risk for malignancy in thyroid nodules (2) . A taller-than-wide shape and centrifugal growth across the tissue planes are indicators of malignancy. But, and importantly, their sensitivity is low because small papillary carcinomas frequently present with a well-defined round shape. The presence of irregularly microlobulated or spiculated margins, suggestive of an infiltrative neoplastic growth into the surrounding parenchyma, may be clearly depicted by current US equipment. Most slightly hypoechoic nodules are benign, but a marked hypoechogenicity (similar to cervical muscles) represents a suspicious feature. Finally, intranodular microcalcifications, albeit occasionally difficult to distinguish from comet-tail colloid interfaces, strongly indicates papillary carcinoma. The demonstration of aggressive growth (extension of the lesion beyond the thyroid capsule, invasion of the strap muscles or infiltration of the tracheal cartilage) or that of pathologic adenopathy (absence of hilum, cystic changes and/or microcalcifications) are obvious signs of thyroid neoplasia. Finally, even a chaotic intranodular neovascularisation may be indicative of malignancy (34) .
In contrast, a spongiform or isoechoic US appearance and the presence of well-defined smooth margins are US findings suggestive of a benign thyroid lesion. Also, purely cystic lesions are, with few exceptions, benign. These nodules, in the absence of local symptoms or clinical suspicion, usually do not prompt a fine-needle-aspiration evaluation.
Taken together (Table 1) , the above hallmarks permit appropriate risk stratification for malignancy (35) , selection of lesions to biopsy and thereby also, ultimately, allow selection of nodules eligible for non-surgical intervention (4) . The latter is the focus from here on.
US-assisted thyroid biopsy: from certainty to perspectives FNA, either with or without aspiration, is the most important technique for the malignancy risk stratification of thyroid nodules. The major limitations of FNA are the non-negligible number of non-diagnostic samples, and the risk of an incorrect sampling site in small or cystic lesions and for nodules located deep in the neck. In 1977, Walfish et al. (36) proposed the combined use of the FNA procedure with US guidance in order to improve the accuracy of biopsy sampling. Since then, several reports have confirmed the improved diagnostic accuracy provided by US-guided and US-assisted biopsy. There is wide acceptance of the need of US-guidance for FNA of nonpalpable nodules and of lesions in regions difficult to access. In our opinion, US-guided FNA should also be routinely used in palpable thyroid nodules as well, based on the lower risk of complications and the improved diagnostic accuracy (37, 38) . In these cases the recommended sampling sites are as follows (39) The major limitations of FNA are the occurrence of repeat unsatisfactory specimens and of cytologically indeterminate cases. In solid nodules which are repetitively non-diagnostic at FNA, the use of US-guided core-needle biopsy should be considered (40) . A small bore (20-21G) cutting needle device usually provides a micro-histological sample even from densely fibrotic lesions and permits the evaluation of both cytological and architectural features of the nodule (41). When correctly performed, the procedure is safe and rapid, and prevents the need for diagnostic surgery for those solid lesions for which a cytological diagnosis cannot reliably be obtained. In the near future, immunochemical and molecular markers with elevated negative predictive value for malignancy will become more widely accessible in clinical practice for the assessment of the nature of cytologically indeterminate thyroid nodules (42) .
Minimally invasive treatment options of benign thyroid nodules
Most thyroid nodules are benign and remain asymptomatic, but some grow progressively and may cause local symptoms or elicit anxiety. Surgery is a much used therapeutic approach for thyroid lesions that, even if benign at FNA, are steadily growing over time (1, 3) . However, surgery is expensive, may necessitate life-long thyroid hormone substitution therapy and may be followed, even if infrequently, by permanent complications (43) . There is also increasing focus on the side-effects, including the effect on quality of life, not traditionally considered in this context (44, 45) . Over the last two decades non-surgical, minimally invasive techniques have been proposed for the treatment of benign thyroid nodules when surgery is contraindicated or declined (37) . In 1983, Sugiura et al. (46) achieved destruction of a small hepatocellular carcinoma (HCC) with percutaneous injection of ethanol. During the following years encouraging results were obtained in small series of HCC treated with percutaneous ethanol injection therapy (PEIT) (47, 48) . In 1983, Bown (49) proposed the use of laser as a thermal source for the ablation of liver tumours and during the 1990s the first clinical applications were reported. Since then, new minimally invasive techniques, such as radiofrequency, proposed by Rossi et al. Technological improvements in imaging methods and guiding devices have made the reliable use of minimally invasive procedures for thyroid gland lesions possible. PEIT was the first therapeutic procedure proposed in 1990 for hyperfunctioning nodules (54) . Owing to the limitations of PEIT, in the management of solid thyroid lesions, various hyperthermic methods have, over the past 10-15 years, been introduced for the treatment of benign thyroid lesions. During this period, laser ablation therapy (LAT), the first method proposed in 2000 for size reduction of benign solid thyroid nodules (55) , and radiofrequency ablation (RFA) (56) , introduced in 2007, have achieved increasing acceptance for use in selected patients. Additional therapeutic modalities, such as focused US (57) and microwaves (58) , are presently under evaluation and have yet to gain wider acceptance.
Percutaneous ethanol injection
The injection of 95% ethanol into thyroid tissue induces thrombosis of small vessels and an irregular area of coagulative necrosis surrounded by interstitial oedema and granulomatous inflammation. Over time, these histological changes are followed by fibrosis, progressive shrinkage and reduction of the volume of the treated lesion (59, 60, 61) .
Non-functioning benign thyroid nodules " PEIT may effectively reduce the size of solid thyroid nodules. Several non-randomised trials, heterogeneous as for nodule size, ethanol volume and length of follow-up, demonstrate a significant decrease in nodule volume after PEIT (62, 63, 64) .
In a 12-month randomised study, a single PEIT session induced a nearly 50% volume reduction, while thyroidstimulating hormone (TSH)-suppression with levothyroxine had no significant effect on nodule reduction (63) . Repeat treatment seemed only to increase the efficacy of PEIT marginally (65) . These observations were confirmed in a randomised study that demonstrated a reduction just over 50% after three PEIT sessions (64) . The major limitations of this otherwise rapid and inexpensive procedure are the non-predictable diffusion of ethanol within solid lesions and the leakage of ethanol into neck tissues. Owing to alcohol seepage, the majority of patients experience moderate to severe cervical pain lasting from minutes to hours (66) . In our experience, a possible complication is the development of local fibrosis that may make less manageable a subsequent thyroid surgery if needed (60, 61, 66) . Major side-effects, fortunately not common, are recurrent laryngeal nerve palsy with mostly transient dysphonia and, rarely, Graves' disease, Horner's syndrome, and necrosis of the larynx and the skin (62, 66) . In most cases, no change in thyroid function or thyroid autoimmunity has been reported (62, 63, 64) . Currently, and in accordance with relevant guidelines, PEIT is not the procedure of choice for non-surgical treatment of solid thyroid nodules. It should be restricted to highly selected patients.
Cystic nodules " This covers thyroid nodules that are purely cystic (the minority) or predominantly cystic (the majority) (2) . US-guided percutaneous drainage is the treatment of choice, but most cystic lesions (about 80%) refill and enlarge over time (62) . Several non-randomised studies (62, 67, 68) , in both colloid and haemorrhagic lesions, have reported good efficacy, a favourable sideeffect profile and the preservation of thyroid function. A randomised study in recurrent thyroid cysts compared percutaneous cyst drainage followed by ethanol flushing and subsequent aspiration with cyst drainage followed by flushing with isotonic saline (69) . After a single session, a significant volume reduction was obtained in 82% of cases in the PEIT group, while the cure rate in the saline group was only 18%. The success rate was inversely correlated with the baseline cyst volume and number of previous aspirations. Pain, if any, is usually mild and rapidly self-resolving and the risk of dysphonia is very low. In a follow-up study of thyroid lesions treated with PEIT, the volume reduction of the cysts was fairly stable after 5 years (70) . The major endocrine society guidelines (3, 71) state that treatment of recurrent benign thyroid cysts with ethanol is a clinically effective non-surgical option for thyroid cysts that recur after repeat aspirations.
Functioning thyroid nodules " Hyperfunctioning lesions account for 5-10% of all thyroid nodules (2). Malignancy is extremely rare and radioiodine 131 I is considered as the first-line therapy in the majority of patients (2, 3, 72, 73) because normalisation of thyroid function is attained in most cases and the reduction of nodule volume is about 30-45% within 1-2 years (2, 72, 74) . PEIT appeared promising in the initial studies (54, 75) , but no prospective randomised trials are available. One study in 132 patients treated with multiple sessions demonstrated normalisation of serum TSH in all pretoxic adenomas and in 71% of toxic adenomas (76) . Nodule volume reduction was similar to that reported for cold thyroid nodules. Moderate to severe cervical pain was frequently encountered (77) . Subsequent trials have confirmed that several PEIT-sessions are necessary for a complete treatment and that the recurrence of hyperthyroidism and the regrowth of the treated nodules are common (77) . Based on these considerations, with the exception of the infrequent conditions in which 131 I is contraindicated or ineffective, efficacy and side effects are in favour of 131 I when compared with PEIT.
Laser ablation
Laser light is coherent and monochromatic, can be highly collimated or focused and may transmit considerable amounts of energy over long distances with minimal dispersion. Laser light is transmitted from the source to the targeted lesion in a thin (300-400-mm) 'optical fibre', which consists of a silica-based core with a surrounding cladding made of silica or hard polymer material. The photons transmitted from the tip of the optic fibre scatter within the targeted tissue, generate heat and coagulate the surrounding parenchyma. Further out in the tissue, heating is affected by heat conduction and tissue carbonisation (78) . Currently, the majority of laser procedures use either Neodimium:Yttrium Aluminium Garnet (Nd:YAG) with a wavelength of 1064 nm or diode lasers with a wavelength of 800-980 nm, because penetration of light is optimal in the near-infrared spectrum. Laser technology induces a fairly predictable and reproducible area of tissue damage while inducing only minimal damage outside the targeted ablation zone (55, 79) . Laser ablation is usually performed on conscious patients after local anaesthesia at the entry site and thyroid capsule. A minority refrain from local anaesthesia (80) . After information and reassurance, the patient is placed in the supine position with appropriate extension of the neck. Subsequently, one or more optical fibres are inserted into the targeted lesion through spinal needles with variable diameter from 18 to 22G (81, 82, 83) . LA sessions may be performed either under US guidance or assistance, using a commercially available US system equipped with a high-frequency linear transducer (7.5-15 MHz). Treatment algorithm and laser equipment differ among centres. Most frequently, the laser source is either a continuous diode laser of varying power and wavelength (81, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96) or a continuous wave Nd:YAG laser (80, 82, 97, 98, 99, 100, 101, 102, 103, 104) . Operators may insert the applicator(s) in the appropriate area of the targeted lesion and terminate the procedure when the area of echogenicity (identifiable by 'white spots' and typically decreasing hypoechogenicity caused by evaporation) generated by energy delivery is stationary in size (81, 84, 85, 86, 87, 88, 89, 90) . Alternatively, the energy may be delivered continuously while retracting the applicators (83, 91, 96, 99, 102, 103) or by pull back technique (80, 82, 98, 101, 104) .
Cold nodules " After an initial ex-vivo feasibility study (55) , several non-randomised ( (92) . Two randomised studies have compared the clinical and the US changes inflicted by LAT with those obtained by levothyroxine suppressive therapy or plain follow-up (85, 101) . These trials were performed with an Nd:YAG or with a diode laser source respectively. Both studies confirmed that a single LAT session results in a significant volume decrease (around 45%) at the 6-and 12-month US controls, while no changes were observed in either the levothyroxine therapy or the control groups. Volume decrease was stable up to 5 years after treatment, and most LAT-treated patients report amelioration of local symptoms (89) . A recent multicentre randomised trial confirmed a nodule volume reduction of 45-55% 24 months after a single LAT, and without major regional variation among the participating centres (105) .
Autonomously functioning thyroid nodules " Studies in small series of autonomously functioning thyroid nodules (AFTNs) treated with LAT have reported normalisation of thyroid function and destruction of the previously hyperfunctioning area at post-treatment radioisotope scan (84, 93, 97) . Subsequent studies have demonstrated that LAT has an inconsistent efficacy in that multiple LAT sessions were needed to normalise serum TSH levels (82, 100) . A randomised trial in solitary hot nodules with suppression of extranodular thyroid tissue demonstrated that LAT and 131 I therapy had a similar effect on nodule volume reduction. However, LAT was followed by normalisation of serum TSH in only 50% of patients, which is much lower than that obtained with radioactive iodine (88) . Taken together, these results demonstrate acceptable efficacy of LAT when treating small, solitary and mildly hyperfunctioning nodules (102) . At variance, in large AFTNs the cure rate is unsatisfactory and normalisation of thyroid function usually requires multiple (median 1-3) laser sessions (82, 100) .
Cystic lesions "
In a recent study, recurrent predominantly cystic nodules were randomised to aspiration with or without subsequent LAT (90) . After 6 months, remission of the cystic component was seen in 68% of LAT patients as opposed to 18% in the aspiration-alone group. Local symptoms improved in the LAT group only and thyroid function remained unaffected in all. Clinical results of LAT for the treatment of thyroid nodules are summarised in Table 2 .
Tolerability and safety " Moderate pain or lowgrade fever can occur after LAT, but infrequently, and can be controlled by acetaminophen or ketoprophene.
Subcapsular haematoma (94) , dizziness, skin burn and cervical swelling have been reported, but are rare (103) . Transient hyperthyroidism and late hypothyroidism are likewise rare (103) . No pathological changes have been found in tissue adjacent to the ablated area in patients who subsequently underwent surgery (95, 106) . The low risk of major complications (about 1%) and the high tolerability of LAT have been confirmed in a recent multicentre study (105) .
Radiofrequency ablation
RFA is achieved by means of an alternating electric field created within the target lesion by an electrode needle coupled to an external radiofrequency generator (107) . The rapid movement of the ions adjacent to the electrodeneedle induces a speedily increasing heating of the tissue and thereby thermal necrosis (108) . After initial feasibility studies performed either with internally cooled (17-gauge) (56, 109, 110) or with multitined large (14-gauge) (111) electrodes in patients under conscious sedation, thinner (18-gauge) internally cooled electrodes have been recently developed and employed (112) . With the presently used 'moving shot technique', an electrode-needle is introduced into the targeted nodule and multiple areas of the lesion are destroyed by moving the electrode tip. Initially, the electrode is positioned in the deepest part of the nodule whereafter it is moved into the central and finally the superficial areas of the lesion (113, 114) .
Solid non-functioning thyroid nodules " Several series of patients, in non-randomised studies, have been treated with the fixed electrode technique, using a 14-gauge device with multitined expandable electrodes. On average, nodule size has been reduced by 50% after 6 months and by nearly 80% 1 year after therapy, and accompanied by amelioration of anterior neck symptoms (111, 115, 116) . The efficacy using the 'moving shot' technique in a selected series of non-randomised patients with solid and cystic nodules has been reported (56, 109, 112) . Two recent non-randomised controlled studies have compared the clinical and the US changes obtained with RFA in patients with nodules with a solid component O50% with a control group. These trials were performed with the 'moving shot' or the fixed electrode techniques respectively. Both studies confirmed that in complex lesions a single RFA session results in a significant volume decrease (around 80-84%) at the 6-and 9-month US controls, while no changes were observed in the control subjects (113, 117 induced a nodule shrinkage of about 85% (109) after 6 months. Nodule shrinkage appears to persist since multiple RFA treatment sessions (range 1-7; mean 2.2) resulted in a 93.5% mean volume reduction after 4 years. Volume reduction seems faster and more pronounced in cystic than in solid nodules (118) . Complication rate is deemed reasonable at about 3.3% in large multicentre series of patients (119) . Careful training and centralised therapy are recommended because recurrent nerve damage, perithyroidal haemorrhage, nodule rupture and skin burns have been occasionally reported, and are not just theoretical concerns (119) .
Hyperfunctioning thyroid nodules " Hyperfunctioning nodules have been treated with either the fixed-electrode procedure (111, 115, 116, 117) or the moving shot technique (110, 112) . A significant improvement in thyroid hyperfunction, as well as nodule volume reduction, has been reported in non-controlled series of patients (111, 112, 115, 116) . A major limitation, in unison with the other thermal ablation procedures, is the risk of incomplete and insufficient ablation of the external border of the hyperfunctioning lesion, followed by regrowth of the AFTN and relapse of hyperthyroidism (112) .
Cystic thyroid nodules " RFA has been used in the treatment of cystic lesions in a few uncontrolled studies (56, 109, 118) . Similar therapeutic success (volume reduction O50%) with fewer treatment sessions with PEIT compared with RFA (1.19 vs 1.67) has been reported (120) . A head-to-head study of a single session of either RFA or PEIT demonstrated a similar efficacy of both techniques (121) with a considerable volume reduction at 6 months (93.3 vs 96.9%). Owing to higher cost and longer treatment duration with RFA, PEIT or laser should remain the treatment of choice for recurrent cystic lesions (90, 121) . Clinical results of RFA for the treatment of thyroid nodules are summarised in Table 3 .
Translating all the aforementioned into clinical practice
Currently available US-guided minimally invasive procedures can induce a rapid, clinically significant longterm size reduction of benign thyroid nodules with minimal risk of causing thyroid dysfunction. PEIT should preferentially be considered as the first-line treatment for relapsing thyroid cysts. In solid non-functioning thyroid nodules LAT and RFA can, in a single session, achieve a 50% volume decrease. In comparison with radioactive iodine, these procedures seem less cost-effective for treating AFTN. Minimally invasive procedures appear appealing because they most often achieve relief of anterior neck complaints, are relatively inexpensive and can be performed on an outpatient basis. As these techniques are increasingly disseminated and used, it is important to remember that the vast majority of thyroid nodules, once malignancy has been ruled out, are asymptomatic, slowly growing and do not warrant treatment (1) . Nevertheless, a minority of the vast number of patients with thyroid nodules may benefit from one or the other of these ablation procedures to address pressure symptoms, local pain or cosmetic issues. Progressively growing benign thyroid lesions that reach to a volume over 12 ml seem to be especially suited for minimally invasive procedures. Less appropriate indications are large nodular goitres, multinodular thyroid disease or deeply positioned lesions. It is noteworthy that pre-treatment nodule size is not significantly correlated with the degree of nodule volume reduction after thermal ablation (89) . Technically, easily treated lesions are medium-or large-size nodules that are centrally located in the thyroid lobe. In contrast, nodules situated in the isthmus and para-isthmus region, those at the apex of the thyroid lobes and nodules that are located behind the jugulum are characterised as difficult to treat.
Even if the cost-and risk-effectiveness of minimally invasive techniques vs surgical treatment have not yet been established with head-to-head studies, image-guided ablation techniques are office-based procedures that carry no risk of cosmetic damage and are more rapid and less expensive than thyroidectomy. In European centres, the price of a disposable RFA device is about 1300 euros, and the cost of a laser kit including a guidance device and a fibreoptic is about 300 euros. The costs of disposable materials are nearly negligible and the duration of the procedure is about 30 min.
An advantage of minimally invasive procedures is the nearly complete sparing of thyroid function with a very low risk of subsequent hypothyroidism. The risk of overlooking thyroid malignancy should always be considered before planning percutaneous treatments and should be carefully ruled out with dedicated US neck examination and a repeated FNA of the targeted lesion.
Additional, but still inadequately investigated nonsurgical treatment options such as High Intensity Focused Ultrasound (HIFU) (57, 122) and microwaves (58, 123) are currently under evaluation. Although results are promising, they are too preliminary and sparse to allow any recommendations. Advances in technology are rapidly improving commercially available guiding systems and ablation devices. Equally important, a large number of individuals have now been trained and master these ablation techniques. Minimally invasive procedures may, in a number of centres with expertise and adequate patient volume, already be offered to selected patients in an attempt to achieve a higher degree of individualised management of benign symptomatic thyroid lesion.
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